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Unit 4: The Immune System and Blood Stem Cell Lineage Tree

By Alexi Weirich, Laurel Barchas, Maria Mouchess
Reviewed by Candice Tahimic

Goals:

- Understand the basics of the immune system and its development through hematopoietic (blood-
forming) stem cells.

- Distinguish between different disorders (leukemia, lymphoma, sickle cell anemia, and HIV/AIDS).

- Recognize various treatment options for patients with diseases, specifically bone marrow
transplants (HSC therapy).

Standards:

10.b. Students know the role of antibodies in the body’s response to infection.

“Cells produce antibodies to oppose antigens, substances that are foreign to the body.
“Antibodies can inactivate pathogens directly or signal immune cells that pathogens are present.”

10.e. Students know why an individual with a compromised immune system (for example, a person
with AIDS) may be unable to fight off and survive infections by microorganisms that are usually
benign.

“When an immune system becomes compromised...it becomes either unable to recognize a
dangerous antigen or incapable of mounting an appropriate defense. This situation happens when the
virus infects and destroys key cells in the immune system.”

10.f. Students know the role of phagocytes, B-lymphocytes, and T-lymphocytes in the immune
system.

“Phagocytes move, amoebalike, through the circulatory system, consuming waste and foreign
material, such as aged or damaged blood cells and some infectious bacteria and viruses. Two broad
types of lymphocytes (a class of white blood cells) originate in the bone marrow during embryonic
life.”

Investigation and Experimentation

1.1. Analyze situations and solve problems that require combining and applying concepts from more
than one area of science.

Objectives:
- SWBAT outline the organization of the immune system and hematopoietic stem cell lineage tree.
o “The Cell is Right”
- SWBAT define the types of lymphoid cells and myeloid cells and describe their general functions.
- SWBAT explain the relationship between components of the immune system, such as antigens
and antibodies.
o Worksheet for students: antigen-antibody diagram and steps of response
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- SWBAT recognize symptoms, understand the causes, and identify the cells involved in various
immune system and blood-related diseases (leukemia, lymphoma, sickle cell anemia, HIV/AIDS).
o Case studies and treatment options table
-  SWBAT describe the process of, need for, and risks associated with bone marrow transplants.

Background information:
Unit overview

Understanding how the immune system functions is very important for our health. The immune
system is our protection from invading molecules, pathogens, cancer, and viruses. How our immune
system can be tuned to recognize almost any possible invader while sparing our own cells gives us
an incredible cellular and molecular tool to fight infections and diseases. The study of the molecular
and cellular components that comprise the immune system, including their function and interaction,
is immunology. The immune system is divided into a more primitive innate immune system, and an
acquired or adaptive immune system (vertebrates), each of which

contains humoral and cellular components.

This unit gives an overview of the immune system through exploring the developmental pathways of
the hematopoietic stem cell. Discussing the functions of blood stem cell descendents and several
disorders that afflict them will give students a greater understanding of the immune system in human
health and medicine. Teachers may wish to open with asking students to list how the immune system
can be both a promising avenue for research and an obstacle for cures. Our immunity is perhaps the
most important resistance against infectious diseases, and may in the future be enhanced or adjusted
so it does not react to allogeneic transplants. The immune system makes us reject organ or cell
transplants that would help us get better. It reacts with artificial bone and joint replacements. It must
be suppressed or somehow overcome with an allogeneic transplant (one from another), because an
autologous transplant (one to yourself) is not always possible. Hematopoietic stem cell research has
and may yield treatments for serious blood diseases and increase the availability and diversity of
tissue for transplants.

In this review, a discussion of blood cell development will be presented first, to understand the
origination of blood and the diversity of cell types. Second, acquired and innate immunity will be
discussed along with functions of white blood cells. Third, diseases of the blood and immune system
will be discussed. Students will learn about these disorders and how to diagnose them through case
studies and a web project.

Before beginning this unit, it would be helpful for students to have already learned about the functions
of red blood cells in the circulatory system, which can be found here
http://www.umm.edu/blood/blood.htm. Invite your students to think about how white blood cells differ
from red blood cells, then play “The Cell is Right” to help them understand the origins of all types of
blood cells. In this unit, you may discuss any of the following: the origins of the blood/immune system;
the “lineage tree” members and their organization and functions; the genetic and environmental
causes of sickness; the molecular mechanics, disease progressions, and physical symptoms of




STEM
CELL . S— LT Al i . : g
CALIFORNIA INSTITUTE FOR REGENERATIVE MEDICINE

ED U

\ PORTAL

leukemia, lymphoma, sickle cell anemia, and AIDS; bone marrow transplants and uses of
hematopoietic stem cells to treat these disorders; immunocompatibility, tissue typing, and rejection.

ORIGINS

Hematopoietic (from Ancient Greek: haima blood; poiesis to make) or blood-forming stem cells are at
the root of an extensive blood differentiation lineage tree, giving rise to the complete blood system.
This complex system—consisting of the Erythroid, Lymphoid, and Myeloid branches—1) performs
oxygen-delivery and carbon-dioxide removal from all your body’s tissues and 2) is your body’s
defense against intrinsically- and extrinsically- caused damage, disease, infection, and cancer.

Development

Hematopoietic stem cells originate in blood islands that develop near the yolk end of the 3 week
embryo. The first blood cells formed are red blood cells, or erythrocytes. Because at this stage
passive diffusion of oxygen is insufficient to sustain the embryo, a red blood cell delivery system
develops. In the beginning developmental stages of the primitive circulatory system, a network of
vessels forms from hemangioblasts, stem cells that can form blood cells and vessel cells. Tubular
vessels take shape, and along their inner lining (surrounding the lumen), multinucleated masses
(blood islands) incubate reticulocytes (immature RBCs) which then acquire hemoglobin and bud off.
Until the 8th week of development these primitive nucleated erythroid cells are found in the yolk sac;
they contain hemoglobin but don’t mature to fully developed RBCs.

At about 6 weeks of development, blood islands begin to regress as hematopoiesis migrates to the
liver. At 8 or 9 weeks hematopoietic stem cells are detectible in the liver and they begin to proliferate.
Granulocytes also appear in the liver during the 2nd month. The spleen also contributes to
hematopoiesis at this point. During the 4th month hematopoiesis begins in the bone marrow, and by
the 5™ month this becomes the primary site of blood cell production. Differentiation of hematopoietic
stem cells down all lineages occurs during gestation and continues throughout adulthood.

The Hematopoietic stem cell “lineage tree”

Multipotency is the inherently controlled yet extrinsically regulated ability of a cell to differentiate into
multiple cell types. A human hematopoietic stem cell has the most extensive linage tree as compared
to other adult multipotent cell types, and can ultimately differentiate into at least 11 terminally
differentiated cell types (not shown in the figure below). The developmental “choices” of
hematopoietic stem cells include the Lymphoid branch, containing common lymphoid stem cells and
progenitors that mature in the spleen, thymus, and lymph nodes (lymphatic system) and give rise to
T-cells and B-cells, white blood cells that enforce nonspecific and specific immunity; and the
Myeloid branch, in which myeloid stem and progenitor cells give rise to the granulocytes,
megakaryocytes/platelets, dendritic cells, and macrophages which participate in both types of
immune response. The myeloid branch also generates the Erythroid lineage, containing
reticulocyte (immature) and erythrocyte (mature) red blood cells.
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Simplified Hematopoietic (blood) stem cell tree.
All adult blood cells originate from HSCs (blood stem cells) in the bone marrow.
© 2007 Terese Winslow, U.S. Govt. has certain rights

Each branch (lymphoid, myeloid, and erythroid) serves a unique overall functional purpose but work
in concert to achieve elimination or containment of infectious organisms. (AP extension question:
How do their purposes overlap?) In the above diagram, the erythroid branch is represented by an
arrow from the myeloid stem cell to the red blood cells. Derived from myeloid stem cells, platelets are
a vital part of the coagulation process whereby the body plugs and fixes blood vessel leaks.

The Lymphoid Branch

The Lymphoid branch has lymphatic leukocytes (from leukos white; and kytos cell) that work
together to destroy foreign organisms based on recognition of specific, individual “microtags,” or
antigens comprised of a tiny portion of the “invaders.” Antigen presenting cells (APCs), mainly
macrophages and dendritic cells eat and process invaders and display them on their cell surface to
elicit responses from leukocytes. Before an immature white blood cell reaches its final functional
state, it must mature in specific organs throughout the body. Along the Lymphoid lineage, functional
differentiation happens in two stages. First, B-cells and T-cells are produced in the bone marrow. In
the bone marrow, B-cells mature to the point at which they can recognize antigens (you can
remember them because they mature in the Bone marrow.) Immature T-cells differentiate into their
“naive” state, through maturation in the Thymus. Naive in this context means they have not had
exposure antigen. B and T cells become fully mature after they come in contact with antigens, and
can then further differentiate into subtypes of B and T cells with even more specialized functions. A
mysterious class of lymphocytes—Natural Killer cells—are thought to recognize and destroy tumor
cells and some virally-infected cells through a self/non-self recognition process.

The Myeloid Branch
The Myeloid branch has non-lymphatic or myelogenous leukocytes that generally recognize and
eat/destroy:

a) naturally-dying/dead body cells
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b) pieces of damaged or infected tissue

c) bacteria

d) other non-replicative foreign molecules, like biological implants.
These cells can do this because they are capable of innate immunity. This can be thought of as a
natural ability to attack and get rid of the invaders without employing a specific antibody production
and recognition mechanism as with B and T cells. Myelogenous leukocytes are involved in the wound
healing process and act as a cleanup crew. They also have ability to efficiently phagocytose (eat)
dirt, debris, microorganisms, pieces of damaged or infected tissue and dead cells. Subsets of these
cells respond to inflammatory molecules and physically migrate through the blood along a
biochemical gradient (called chemotaxis and diapedesis), then enter infected or injured tissues.
Neutrophils, monocytes, macrophages, and macrophage-like cells secrete inflammatory mediators
and function as phagocytes (more about these cells below). Phagocytosis is a form of endocytosis
whereby a phagocytic cell engulfs and usually destroys particulate matter. Due to this ability to eat
and sample the tissues, they are able to capture antigens from different parts of the body and present
this antigen to naive lymphocytes. Phagocytes, mainly macrophages and dendritic cells, are key in
producing a robust adaptive immune response.

The Erythroid Branch

The Erythroid branch has red blood cells which transport oxygen to and carbon dioxide from tissues.
Immature reticulocytes purge their nuclei during their maturation phase, leaving functional enucleated
cells called erythrocytes. Their biconcave shape is the most efficient at oxygen and carbon dioxide
exchange, and also aids RBCs in flowing single-file through capillaries.

IMMUNITY
Innate immunity

What is innate immunity?

During an infection, the bone marrow increases its production and release of neutrophils and
monocytes. Innate immunity, as mentioned above, is a function of myeloid branch-cells such as
granulocytes (eosinophils, neutrophils, and basophils), macrophages, and dendritic cells.

Granulocytes
Granulocytes are called this because they contain granules—enclosed packets of inflammatory
mediators or toxic chemicals and enzymes that are released to directly destroy their targets.

Eosinophils
Eosinophils, which have granules that look red after staining with Eosin, destroy multicellular
parasites and participate in immediate hypersensitivity reactions (allergies).

Neutrophils
Neutrophils (neutral-colored after staining) can undergo phagocytosis to ingest infectious organisms
and release vasodilators that allow white blood cells to more easily enter tissues from the blood
stream, as well as chemotaxins that attract lymphocytic leukocytes.
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Basophils
Basophils, which are identified by their purple-staining granules, carry out functions in blood similar to
mast cells in tissues; they release histamine and other chemicals involved in inflammation as well as
heparin, an anticoagulant.

Phagocytic cells
Monocytes give rise to macrophages; monocytes travel through the blood stream from their
birthplace in the bone marrow, squeeze through the lining of dilated blood vessels to enter tissues,
and then differentiate into macrophages. Macrophages are functional, terminally-differentiated cells
that phagocytose particulate matter, including microbes. They are found in large numbers along
barriers between the body and the external environment, like skin and internal surfaces of respiratory
and digestive system tubes. They also secrete antimicrobial chemicals and protein messengers that
function as local inflammatory mediators. Macrophages process and present antigen to cytotoxic and
T helper cells (mentioned later), and they coordinate systemic responses to infection or injury.
Several cell populations scattered in almost all tissues have macrophage-like functions but are not
descended from monocytes; these are called macrophage-like cells and a specific example is
microglia in the central nervous system. Dendritic cells are phagocytic cells that internalize
microorganisms to present to lymphocytes and thus induce adaptive immunity. Like macrophages,
they survey tissues and ingest dead and infect cells as well as invaders. However, instead of being
more degradative like the macrophage, they process and present their cargo to lymphocytes more
efficiently than macrophages. Once they encounter a trigger for maturation, they become less
phagocytic and migratory. Mature dendritic cells have long processes similar to the dendrites of
neurons and are therefore able to make contact with many lymphocytes.

Acquired immunity

Acquired immunity is the body’s way of making a “custom fit” immune response to remember a
pathogen and elicit a more robust response during subsequent recognitions in a shorter amount of
time.

Role of lymphoid cells

Acquired immunity is carried out by cells along the lymphoid branch. Their early development takes
place in the bone marrow. All lymphoid cells are derived from a lymphoid (Multipotent) stem cell,
which gives rise to lymphoid progenitor cells that either partly differentiate into a naive T cells or
mature into B cells.

Lymphoid cells are antigen-specific

Each lymphocyte synthesizes and inserts into its plasma membrane a single type of protein receptor
that can bind to a specific antigen. So, each lymphocyte is specific for just one type of antigen. The
antigen receptor is generated through a random and complex but well-characterized genetic
rearrangement process. (For an animation of this process, visit
http://www.blink.biz/immunoanimations/index1.html, click Open, then Antigen Recognition, then Gene
Recombination. Flash 5 is required to view this and other animations.)
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Further maturation of lymphoid cells

At this stage in the bone marrow, B cells are ready to recognize antigen and float through the blood
stream into secondary lymphoid organs where they may be activated (encounter and respond to
corresponding antigen). In contrast, naive T cells are carried to the Thymus where they mature into
helper T cells and cytotoxic T cells, then later undergo cell division in secondary lymphoid organs.

Note: Emphasize to your students that the above diagram/lineage tree is simplified and in reality B
cells and T cells divide and differentiate into classes of cells that all use immunoglobulin cell-surface
receptors (helper, cytotoxic, suppressor, and memory T cells as well as mature and memory B cells).
Plasma cells produce free-floating immunoglobulins called antibodies that help the body identify and
respond to immunogens.

Why is acquired immunity important?

Acquired immunity is critical in fighting infections by bacteria, fungi, viruses, parasites, and other
environmental factors because an individual may be exposed to these many times throughout the
lifespan and it is advantageous to be able to increase the intensity of the immune response. However,
highly immunogenic substances also include (but aren’t limited to): large molecular weight proteins
(above 100,000), polysaccharides, molecules with complex chemical structure, biomaterials used in
tissue and organ replacement, and proteins made by different species. Immune responses are in
some respects genetic thus immune tendencies can be inherited.

How do T cells know not to attack our own tissues?

A crucial screening process occurs during T cell development. Only T cells that recognize the class |
and Il Major Histocompatibility Complex (MHC) proteins produced by and carried on the plasma
membranes of all the host’s cells will survive in the thymus or marrow to begin the maturation
process. Called positive selection, this screening process ensures that mature lymphocytes will
attack only when antigen from foreign organisms is presented by MHC proteins but will not attack our
own cells—ones containing MHC proteins without foreign antigens. Think of this as an obstacle
course for T cells that should result in T cells that only recognize non-self. As T or B cells mature, if
they engage self-antigens, they will undergo apoptosis, a form of negative selection.

What happens to self-recognizing lymphocytes that slip through the screening process?

Any auto-reactive immune cells that escape these selection processes usually become quiescent and
inactive. However, through poorly understood mechanisms, the body’s own, healthy tissues can be
the targets of attack in cases of autoimmunity. One autoimmune disorder is severe lupus (systemic
lupus erythematosus), in which T cells and B cells react to connective tissue in joints, muscles, and
skin; the outer covering of the heart; the gastrointestinal tract; the kidneys; the retinas; and the
brain—destroying these tissues. Surface proteins on red blood cells and platelets can become
reactive, causing lysis of red blood cells and decreased clotting. Lupus can be treated by a bone
marrow transplant, discussed later.

STAGES OF THE ACQUIRED IMMUNE RESPONSE

A typical specific immune response has four stages. First, lymphocytic leukocytes encounter and

recognize an antigen. Second, antigen binding activates lymphocytes to undergo asymmetric cell
division. Third, the lymphocyte daughter cells launch an attack against all antigens identical to the
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initial activating antigen. Finally, some leftover daughter lymphocytes (memory B and memory T cells)
are responsible for memory responses in acquired immunity: the next time these cells encounter the
same antigen, which can be years after the initial exposure, they will initiate a stronger and faster
immune response.

Here are detailed descriptions of these steps from initial encounter through subsequent encounter.

1) Initial encounter/Activation
Location: In the Secondary lymphoid organs, lymph nodes, lymph system, blood stream, or
in tissues

1.

An estimated 100 million distinct antigen receptors have the potential to bind antigen
and create progeny called “clones.” If this lymphocyte later encounters an antigen,
the antigen binds to the cell surface receptors. The binding of antigen to receptor
must occur for lymphocyte activation. When a B Lymphocyte detects an antigen
from a foreign (environmental) source, it does two things. First, it multiplies. Upon
binding to an antigen, the lymphocyte undergoes a cell division, and the two
resulting daughter cells then also divide (even though only one of them still has the
antigen attached to it) and so on. So, the original binding of antigen by a single
lymphocyte specific for that antigen triggers multiple cycles of cell divisions
(proliferation). As a result, many lymphocytes form that are identical to the one that
started the cycles and can recognize the antigen; this is termed “clonal expansion.”
(Vander's Physiology, 10" Edition)

Two things can activate a lymphatic leukocyte.

1.

Direct contact with an antigen through immunoglobulin (antibody) receptor
engagement for B cells or contact with antigen presented by Antigen Presenting
Cells on MHC for T cells

Detection of lymphokines (cytokines or proteins produced by lymphocytes) secreted
by activated helper T cells.

Note: Activation here refers to a process whereby an antigen sends an extracellular signal telling
recipient cells (stem or progenitor cells) to proliferate and/or differentiate—a.k.a. “make a cell fate
decision.” Activation in other contexts can mean activation of a signaling pathway that elicits a nuclear
and/or cellular response (such as antigen/T cell receptor binding which elicits proliferation and

attack), or activation of particular feedback loops, neural circuits, and body systems.

2) Differentiation:
Location: secondary lymphoid organs such as lymph nodes and spleen
1. After activation, B cell progeny differentiate to create plasma cells or memory B

cells. Plasma cells produce massive amounts of clonal antibodies which are
specific to the activating antigen. When bound to their targets, antibodies recruit and
guide other molecules and cells to perform the actual attack. Antibodies themselves
can attack: when bound to antigens, antibodies clump together and deactivate
foreign molecules without needing a cell around to help. Antibodies also recruit
Natural Killer cells, monocytes, and eosinophils which participate in Antibody-
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dependent Cell-mediated Cytotoxicity (for more info see
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?highlight=ADCC&rid=imm.figgrp.1241).

2. Like B cells, T cells are also clonal in that if they encounter their corresponding
antigen, they will proliferate to create clonal cytotoxic T cell or T helper cells that all
recognize the same antigen.

3) Migration and Function
Location: to Secondary lymphoid organs—Ilymph nodes, spleen, tonsils, external body
surfaces (intestinal, respiratory, urinary reproductive)

a. Function: T Lymphocytes play a major role in clearing infections. When a helper T
cell is activated by binding to an antigen/MHC protein complex on the surface of a
macrophage or other antigen-presenting cell, this T lymphocyte releases
lymphokines. The lymphokine molecules signal proliferation, can activate other
immune cells like B cells and NK cells, and can also aid in the activation of
cytotoxic T cells so they can poke holes in the membranes of enemy cells then
secrete toxins that dissolve them.

b. Once the attack is successfully completed, the great majority of the B cells, plasma
cells, helper T cells, and cytotoxic T cells die by apoptosis.

4) Memory
a. Memory B and T cells are leftover from the initial activation/proliferation phase, but
lymphokines also stimulate the production of local/tissue memory T and memory B
lymphocytes, from which quiescent B and T cells originate. They will recognize and
more quickly respond—with greater numbers of activated mature B and T cells—the
same pathogen next time it enters the body.

DISEASES OF THE IMMUNE SYSTEM AND BLOOD
HIV/AIDS

Acquired immunodeficiency syndrome (AIDS) is a disease caused by the human immunodeficiency
virus. HIV is a retrovirus of the lentivirus family. This disease is so devastating because it selectively
destroys T cells, particularly T helper cells, thereby making its hosts immunodeficient.

Some causes of HIV infection are:
a) Having sex with someone infected with HIV
b) Through exposure to infected blood such as via tainted blood transfusion
c) Exposure to HIV before or during birth, including breastfeeding.

Symptoms of HIV include: Rapid weight loss; dry cough; recurring fever and profuse night sweats;
profound and unexplained fatigue; swollen lymph glands in the armpits, groin, or neck; diarrhea that
lasts for more than a week; white spots/unusual blemishes on the tongue, mouth, or throat;
pneumonia; red, brown, pink, or purplish blotches on or under the skin; memory loss, depression, and
other neurological disorders.
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In 1993, the CDC expanded their definition of AIDS to include all HIV positive people with a CD4™ T
cell count below 200 per pL of blood or 14% of all lymphocytes. Because the immune systems of
patients with AIDS lack a functional attack mechanism, they usually succumb to opportunistic
infections that are easily treatable in healthy people. In 1990, the World Health Organization (WHO)
grouped these infections and conditions together by introducing a staging system for patients infected
with HIV-1. An update took place in September 2005.
= Stage I: HIV infection is asymptomatic and not categorized as AIDS
= Stage ll: includes minor mucocutaneous manifestations and recurrent upper respiratory
tract infections
= Stage lll: includes unexplained chronic diarrhea for longer than a month, severe bacterial
infections and pulmonary tuberculosis
= Stage IV: includes toxoplasmosis of the brain, candidiasis of
the esophagus, trachea, bronchi or lungs and Kaposi's sarcoma; these diseases are indicators
of AIDS.

LEUKEMIA

Leukemia is cancer of your body's blood-forming tissues, including your bone marrow and lymphatic
system. It usually starts in your white blood cells. Your white blood cells are potent infection fighters
— they normally grow and divide in an orderly way, as your body needs them. But in leukemia, your
bone marrow produces a large number of abnormal white blood cells, which don't function properly.

Symptoms of leukemia include: Weakness, feeling tired, weight loss, fever, night sweats, enlarged
lymph nodes (felt as lumps under the skin), pain or a sense of "fullness" in the belly, excess bruising,
bleeding, frequent or severe nosebleeds, and bleeding gums.

LYMPHOMA

Lymphoma is cancer that originates in your lymphatic system, the disease-fighting network spread
throughout your body. Tumors develop from lymphocytes — a type of white blood cell. In one type of
lymphoma, cells in the lymphatic system grow abnormally and may spread beyond the lymphatic
system.

Symptoms of lymphoma include: Sometimes no symptoms besides lumps under or near skin and
cough or trouble breathing. Other symptoms include: night sweats, weight loss, fever, itching,
tiredness, and poor appetite.

Symptoms depend on location in body; there may be swollen tender areas or personality changes if
in brain.

SICKLE CELL ANEMIA

Sickle cell anemia is an inherited form of anemia — a condition in which there aren't enough healthy
red blood cells to carry adequate oxygen throughout your body. Normally, your red blood cells are
flexible and round, moving easily through your blood vessels. In sickle cell anemia, the red blood cells
become rigid, sticky and are shaped like sickles or crescent moons. These irregularly shaped cells
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can get stuck in small blood vessels, which can slow or block blood flow and oxygen to parts of the
body.

Symptoms of sickle cell anemia include: Sickle cell causes anemia (lack of red blood cells). The
sickle-shaped cells get caught in capillaries and also block the flow of blood through vessels, resulting
in lung tissue damage, pain episodes, and stroke. It also causes damage to the spleen, kidneys and
liver. The damage to the spleen makes patients easily overwhelmed by bacterial infections.

HEMATOPOIETIC STEM CELL TREATMENTS

For some cases of leukemia and lymphoma, bone marrow transplants can cure the patient. Bone
marrow samples are purified to enrich with hematopoietic stem cells and some mesenchymal stem
cells. After the patient receives chemotherapy to destroy existing bone marrow cells, the transplant is
infused intravenously. The cells find their way to the bone marrow and repopulate the body with
healthy cells. Bone marrow transplants may offer a cure in a small number of sickle cell anemia
cases. Researchers continue to look for new treatments for the disease. These include gene therapy,
improved bone marrow transplants, and umbilical cord blood transplants.

Sources of bone marrow

The best source of bone marrow is from healthy, genetically compatible sibling donors (or the
patient’s own cord blood saved from birth). Bone marrow is aspirated from the pelvic bone or other
large bone, and the stem cells are purified from the sample.

Umbilical cord transplant

Patients may also receive umbilical cord and peripheral blood transplants (containing hematopoietic
stem cells) in addition to bone marrow transplants. Since the patient’s own peripheral blood contains
stem cells with an identical HLA, there is no risk of rejection with peripheral blood transplants.
Hematopoietic stem cells from the umbilical cord seem to be less immunogenic than those found in
bone marrow, and may be quite useful in treating leukemia, lymphoma, and sickle cell anemia.

Finding a match: Major Histocompatibility Complex

Because your immune cells can recognize foreign antigens, if you introduce cells from someone else,
they will be seen as “foreign” by your immune system and this will result in an attack on the
introduced tissues. Human Leukocyte Antigen (HLA) is the MHC for humans. Inherited from your
parents, HLAs differ in type and must be present in the right combination in order for your immune
cells to leave your own body’s tissues alone. The combination of HLAs that your tissues express is
different from blood type, which is determined by the sugar residues on the surface of your red blood
cells. The best matches for transplants would have identical or nearly identical HLAs to the patient,
and this means treatments developed to avoid rejection must be individualized. Another possibility is
to deliver something along with the transplant that would protect it from the immune system.

Challenges to overcome

The immune system with its ability to recognize and destroy foreign substances in the body poses a
significant challenge for stem cell medicine using cells from an allogeneic source. Any transplant
must be histocompatible and the patient is given immunosuppressive drugs to avoid the rejection of
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stem cell transplants even if the donor is well-matched to the patient. Instead of immune suppression,
drugs that stimulate immune tolerance to specific antigens could make transplants more successful.

What if there was a way to get around the immune system—to create cells or tissues from embryonic
or adult stem cells that couldn’t be recognized? Induced Pluripotent Stem cell technologies—where a
skin or other somatic cell is genetically engineered into a pluripotent stem cell—are potential ways to
bypass immune rejection since the cells originate from the patient and would be completely
histocompatible. iPS cells will be discussed in the iPS cell unit (coming soon).

Another strategy is to develop drugs that induce immune tolerance. You and your students can learn
more about immune tolerance here: http://www.immunetolerance.org/public/about-us/what-
immune-tolerance. The National Institutes of Health funds “Antigen-specific tolerance induction [that]
is a major goal for the treatment or prevention of autoimmune disease and graft rejection, which are
currently controlled by nonspecific, immunosuppressive therapies. [Immunosuppression] results in
increased rates of infections, cancers and drug-related pathology. Other applications [of tolerance
induction] include allergies and asthma, bone marrow replacement, and future gene therapy for a
large number of human diseases. A greater understanding of tolerogenic processes is also needed
to enhance vaccine development, in order to prevent pathogen-induced tolerance during
immunization” (NIH, 1997). California is now funding stem-cell-related lab and clinical research in
these promising areas of research and medicine. Watch a video by CIRM-funded researcher Dr.
Jeffrey Bluestone, who talks about the possibility of priming stem cell transplants for immune
tolerance before they are transplanted to limit the use of immunosuppressive drugs on the patient:
http://www.cirm.ca.gov/Videos Basics_JeffreyBluestone.
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Glossary

Activate: encounter and respond to corresponding antigen or substance

Antibodies: proteins with light and heavy chains that are released by mature B cells; specifically
recognize antigen which the B cell initally recognized

Allogeneic: taken from different individuals of the same species. Two or more individuals are said to
be allogeneic to one another when the genes at one or more loci are not identical.

Autologous: an autologous graft is providing a graft, for example of gum tissue, to yourself
Apoptosis: programmed cell death, usually considered a "neat" cell death that is not inflammatory
Autoimmunity: when the immune system attacks the body’s own, healthy tissues

Antigens: substances that prompt the generation of antibodies and can cause an immune response
Antigen Presenting Cells: a cell that displays foreign antigen complex with MHC on its surface
B-cells: white blood cells that enforce nonspecific and specific immunity (adaptive immunity);
responsible for the generation of antibodies

Blood islands: structures in the developing embryo from which the first blood cells originate

B Lymphocyte: another name for a B cell, detects an antigen from a foreign (environmental) source
Chemotaxis and diapedesis: a biochemical gradient that causes migration of cells toward higher
concentration

Clones: identical copies of a type of cell

Cytotoxic T cells: T cells that can poke holes in the membranes of foreign cells then secrete toxins
that dissolve them upon recognition of the corresponding antigen

Dendritic cells: process antigen material and present it on the surface to other cells of the immune
system

Erythrocytes: mature red blood cells

Erythroid: of or relating to a red blood cell or one of its developmental precursors

Granulocytes: a category of white blood cells characterised by the presence of granules in their
cytoplasm; includes eosinophils, neutrophils, and basophils

Helper T cell: activated by binding to an antigen/MHC protein complex on the surface of a
macrophage or other antigen-presenting cell. A type of T cell that provides help to other cells in

the immune response by recognizing foreign antigens and secreting substances called cytokines that
activate T and B cells. T-helper cells fall into two main classes: those that activate other T cells to
achieve cellular inflammatory responses; and those that drive B cells to produce antibodies in

the acquired immune response. These two classes of response are generally incompatible with one
another and require coordination by substances called cytokines to promote one response while
dampening the other. The HIV virus attacks T-helper cells, knocking out the body's ability to defend
itself against infections.
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Hemangioblasts: a multipotent cell, common precursor to hematopoietic and endothelial cells
(http://en.wikipedia.org/wiki/Endothelial)
Hematopoiesis: formation of blood cellular components
Histocompatible: tissue compatible. If a donor and recipient are histocompatible, a transplant is
expected to be easily accepted
Humoral: involving the production of antibodies
Immune tolerance: when the immune system ignores, or fails to react to a protein, cell or tissue in
our body
Inflammatory molecules: molecules that cause immune response from cells
Leukocyte: white blood cell, either lymphatic or myelogenous (nonlymphatic)
Lymphatic: derived from the lymphoid stem cell
Lymphocyte activation: the binding of antigen to receptor must occur for proliferation and
differentiation to occur
Lymphoid: of or relating to a white blood cell or one of its developmental precursors; Of or relating to
lymph, a lymph vessel, or a lymph node.
Lymphokines: molecules released by lymphocytes or white blood cells that act as signals
Macrophages: white blood cells that engulf and destroy foreign particles or cells by phagocytosis
Major Histocompatibility Complex (MHC) proteins: produced by and carried on the plasma
membranes of all the host’s cells and indicates “self”

MHCI is expressed by all host cells, can be engaged by T cell receptor on cytotoxic T cells

MHCII is slectively expressed by Antigen Presenting Cells, can be engaged by T cell receptoron T
helper cells
Mast cells cells that release histamine and other chemicals involved in inflammation as well as
heparin, an anticoagulant
Megakaryocytes/platelets: a bone marrow cell responsible for the production of blood thrombocytes
(platelets)
Monocytes: macrophage precursor, differs from the macrophage in that it is not in the tissue, mostly
in blood
Multipotency: inherently controlled yet extrinsically regulated ability of a cell to differentiate into
multiple cell types Myeloid: Of, relating to, or derived from the bone marrow
Naive T cells: T cells that have not encountered their respective antigen
Negative selection: The process by which T or B cells undergo apoptosis as they mature, if they
engage self-antigens Non-lymphatic or myelogenous leukocytes: white blood cells of the myeloid
branch, not derived from lymphoid cells
Phagocytes: Neutrophils, monocytes, macrophages, and macrophage-like cells that secrete
inflammatory mediators and eat other cells and debris
Phagocytose: ability of a cell to engulf or eat what is in its surroundings, can inlcude infected or
dying cells
Plasma cells: mature B cell that recognizes antigen and releases massive amounts of clonal
antibodies which are specific to the activating antigen
Positive selection: screening process ensures that mature lymphocytes will attack only when
antigen from foreign organisms is presented by MHC proteins; will not attack MHC proteins without
foreign antigens
Proliferation: when a cell undergo multiple cycles of cell divisions, usually in response to stimuli
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Receptor: protein that receives and responds to a substance; in the immune system, it commonly
refers to a protein embedded in the surface or in another cell membrane that causes an immune
related response

Reticulocytes: immature red blood cells

T-cells: white blood cells that enforce nonspecific and specific immunity(adaptive immunity),
responsible for generation of Helper T cells and cytotoxic T cells

T Lymphocytes: a group of cells including cytotoxic T and helper T that recognize antigen/MHC on
the surface of an antigen producing cell, then signal via lymphokines to B cells, NK cells, and
cytotoxic T cells to destroy captured pathogens

Tolerogenic: capable of producing immunological tolerance
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Outline of Unit

. INVITATION: depending on familiarity with microscopes and previous units- choose 1 or more of
these activities to begin this module
A. It’s in the blood: human blood observation (can freely view virtual microscopy images
from http://www.bloodthevitalconnection.org/for-students/tools.aspx#PowerPoint OR
purchase real blood smear slides and view through light microscopes.)

i. Materials: light microscopes, human blood smear slides (WARDS: #93 V 6541 OR
Carolina: #313158), supplemental worksheet (Appendix A,
http://www.cirm.ca.gov/files/Education Portal/Unit-4/Unit 4 Appendix_A.pdf)

ii. View sample of human blood under a microscope in pairs. For each slide, draw a picture
of what you see on high power and answer the following questions.

1. How many different types of cells do you see?
2. What do you think each type of those cells (identify by shape and/or color) does
in the body?

iii. Then answer the following questions.

1. What is the role of blood?
2. Why do you think are there different types of blood cells?

B. Feeling sick? Think, pair, share
i. Answer the questions below, and then discuss with a partner. Finally, share with the
class.
ii. Questions
1. Think about last time you were sick. How did you know you were sick? What did
you feel like? (What were your symptoms?)
2. How do you make yourself feel better?
3. What do you think caused you to feel this way?
4. What do you think is going on in your body when you are sick? How does your
body respond?

C. The ‘Cell’ is Right: hematopoietic stem cell lineage tree (Teacher guide in Appendix B,
http://www.cirm.ca.gov/files/Education_Portal/Unit-4/Unit 4 Appendix_B.pdf)
i. Teacher draws a blackboard diagram (draw outlines of lineage tree and give them names
of lineages and cell types ( see teacher handout)
ii. Print - Large pictures of each type of cell that students will cut out and place up on the
board. Each picture includes functions (see handout)
iii. “Price is right’- timed game-show style students come up and place components
(pictures of cells) into the stem cell lineage tree.
AP student expansion/discussion questions:
i. Are T cells a type of stem cell? Are they more like a progenitor cell?
ii. What is the difference between a stem cell, a progenitor cell, and a mature cell
type?
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. EXPLORATION:
A. Lecture: Body basics- The Inmune System
i. Lecture outline: refer to background information for content
1. Brainstorm and clarify causes of disease and compare with injury: pathogens,
genetics, environment, etc.

2. What is the body’s response to disease and injury? Basic organization of immune
system
Nonspecific response (innate immunity)
« Skin, mucous membranes, secretions
Myeloid leukocytes (including all phagocytic cells), proteins,
inflammatory response, mast cells
« Specific response and antigen-antibody relationship (acquired immunity)
* Lymphocytes (B, T and plasma cells)

3. Lymphocyte development: use cell tree as outline
Origination in bone marrow
« Unlimited supply of hematopoietic stem cells
Asymmetric cell division (one daughter stays in bone marrow )
« Note: myeloid lineage begins and released from here
Differentiation into lymphoid stem cells in the bone marrow
« General B cells mature in the bone marrow
Differentiation into lymphoid stem cells in the thymus
« General T cells mature in the thymus
Migration of mature general B and T cells
« Secondary lymphoid organs: lymph nodes, spleen, tonsils, external
body surfaces (intestinal, respiratory, urinary reproductive)

4. Immune activation and response
. What triggers these cells to respond?
« Antigen-antibody binding
Structure, location and function of antibodies
1. Tag and disable antigen
2. Alert T cells, macrophages, leukocytes of presence
- B cells- recognize antigens, proliferate and produce specific antibodies.
Differentiate into plasma cells- to produce more antibodies
- Differentiate into memory cells- in supply for activation from
second encounter by same antigen
- T cells- recognize and destroy tagged antigens and proliferate
Cytotoxic T- bind to antigen on plasma membrane of target cells
and directly destroy the cells
Helper T- help activate B cells, cytotoxic T cells, natural killer cells
and macrophages
Remaining cells can respond to secondary exposure
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Use supplemental homework/guided lecture notes worksheet (Appendix C,
http://cirm.ca.gov/curriculum_unit-4)

ii. Natural Killer Cells- where do they fit in?

1.

Background: Refer to lineage tree and use prepared Natural Killer Cell
PowerPoint slides — http://www.cirm.ca.gov/files/Education Portal/Unit-
4/Unit_4 NKC.ppt. Note placement of natural killer cells in tree. Teacher explains
role of natural killer cells from background information section.
NK cells make up 10-15% of the circulating lymphocytes in the
adult
Exact physiological roles are unclear; they may be able to
recognize and destroy cancer cells and cells infected with certain
kinds of viruses.
« They do not use the same gene rearrangement mechanism as
other lymphocytes (they seem to be more primitive WBCs)
«  When other lymphocytes are prevented from developing in
experimental mice, NK take over the job of the other WBCs
In groups, students decide if NK cells would be considered a part of nonspecific
or specific immunity
« Use
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/N/NK_Cells.
html to try and make a decision
Can also make this a webquest in-class or homework assignment
SO groups can come up with evidence

. Each group makes a decision and gives evidence for and against their

conclusion
“NK cells are sometimes considered to be one of the innate
immunity mechanisms, because it is unclear how or whether these
cells develop responses to specific stimuli.” (Dee, Puleo, Bizios,
2002)

iii. Lecture images:

1.

2.

3.

http://visualsonline.cancer.gov/retrieve.cfm?imageid=7149&dpi=72&fileformat=jp
g (stem cell lineage tree- condensed)
http://visualsonline.cancer.gov/retrieve.cfm?imageid=7150&dpi=72&fileformat=jp
9

(stem cell lineage tree- expanded)
http://visualsonline.cancer.gov/retrieve.cfm?imageid=7142&dpi=72&fileformat=jp
g (types of blood cells)
http://visualsonline.cancer.gov/retrieve.cfm?imageid=7154&dpi=72&fileformat=jp
g (lymph system)

lll. APPLICATION:
A. Challenging the Imnmune System: diagnosis and understanding
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Students encounter a personal perspective as they learn about blood disorders through the
eyes of the patient using one of four case studies. (Download in Appendix D,
http://cirm.ca.gov/curriculum_unit-4)
i. In groups of 4, students take on the case of one patient having one of the following
disorders: leukemia, lymphoma, sickle cell disease and HIV/AIDS.
« Supplemental handouts - symptoms, diagnostic results such as Complete Blood
Count (CBC), explanation of disease, etc.

ii. Read case study and answer questions in groups. Finish for homework if students need
more time or need to use the internet for gathering more information.

iii. Next day: students meet in jig saw teaching groups and then explain their cases to groups
(here, students are playing the role of doctor). While students learn about each disease
in their teaching groups they fill out blood disorder summary table (available in Appendix
E, http://www.cirm.ca.gov/files/Education_Portal/Unit-4/Unit 4 Appendix_E.pdf)

iv. Final assessment: students turn in their final copy of summary table.

. Bone marrow transplants

After learning about various disorders, students explore the option of bone marrow
transplants and compare it to other forms of treatment.

Watch Animation/Tutorials:

http://www.medindia.net/animation/bone-marrow-transplantation.asp

AND

http://www.enile.co.uk/portfolio/cancer/menu.html

Questions to consider:
What are the patient’s options?

What is a bone marrow transplant? How does it work? What are the critical cells
that are needed? Refer back to cell lineage tree.

What are the dangers of bone marrow transplant (immune rejection)?
Tissue typing (HLA) vs. blood type
Lessons on hematopoietic stem cell tissue options:

1. Good extensions/homework activities:
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http://www.qgiveandletlive.co.uk/docs/lesson plans/Bone%20marrow%20lesson%20
plan.pdf

2. How are Umbilical Cord Blood and Bone Marrow Used?

http://www.nwabr.org/education/pdfs/STEM CELL PDF/Lesson Two Technigues.
pdf (pages 63/64)

OR:

After completing case studies, have students Jigsaw or read as homework assignments
these “Science Daily” articles for each matching case study

Leukemia: http://www.sciencedaily.com/releases/2004/11/041129112109.htm
AIDS: http://www.sciencedaily.com/releases/2008/12/081205171007.htm
Sickle Cell: http://www.sciencedaily.com/releases/2008/11/081107143750.htm

Lymphoma: http://www.sciencedaily.com/releases/2004/06/040602060912.htm

OR:
Show freely-available educational videos:

Webquest with students and watch videos on various Bioscience careers

http://www.aboutbioscience.org/bc title.html

A number of educational videos are available by the American Society for Hematology
that explain blood functions and disorders, what hematology is and what hematologists
do, why students may want to consider choosing hematology as their specialty, and the
importance of biomedical research.

http://www.bloodthevitalconnection.org/for-students/tools.aspx#Videos

North Carolina Association for Biomedical Research video “Living Proof: Faces of
Research” and accompanying teacher resources

http://www.ncabr.org/biomed/bio resources/livingproof.html
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IV. ASSESSMENT:

Students browse normal, leukemic, and sickle cell blood smear samples and sketch/compare
differences in cell morphology between the samples. Questions may be designed to incorporate
concepts behind each disease and bring in AIDS and lymphoma.

Materials: Human blood smear slides: normal, leukemia, sickle cell disease (WARDS: Acute
Lymphatic Leukemia slides #93 V 9040, WARDS: blood pathology set #95 V 2639, Carolina: Sickle
Cell Anemia Smear #317374)

OR

http://www.bloodthevitalconnection.org/for-students/tools.aspx#PowerPoint

Additional Resources:

http://visualsonline.cancer.gov/

LYMPHOMA

American Cancer Society website:

Hodgkin's http://www.cancer.org/docroot/CRI/content/CRI_2 2 1X What is_Hodgkins disease 20.a
sp

Non-Hodgkin's

http://www.cancer.org/docroot/CRI/content/CRI 2 4 1X What Is Non_ Hodgkins Lymphoma_32.as
b

Diagnosing lymphoma

Hodgkin's http://www.cancer.org/docroot/CRI/content/CRI 2 2 3X How_is _Hodgkins disease foun
d_20.asp?rnav=cri

Non-Hodgkin's http://www.cancer.org/docroot/CRI/content/CRI 2 4 3X How_is_non-

Hodgkins _lymphoma_diagnosed 32.asp?rnav=cri

Treating H lymphoma

http://www.cancer.org/docroot/CRI/content/CRI 2 2 4X How |Is Hodgkins Disease Treated 20.as
p?rnav=cri

non-H lymphoma

http://www.cancer.org/docroot/CRI/content/CRI 2 4 4X Stem_ Cell Transplantation 32.asp?rnav=cr
|
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American Cancer Society website:
Leukemia
http://www.cancer.org/docroot/CRI/CRI 2x.asp?sitearea=LRN&dt=62
Diagnosis

http://www.cancer.org/docroot/CRI/content/CRI 2 4 3X How Is Chronic Lymphocytic Leukemia
Diagnosed.asp?sitearea=

Treatment

http://www.cancer.org/docroot/CRI/content/CRI 2 4 4X Stem Cell Transplantation 62.asp?siteare
a=

Chronic Myelogenous Leukemia (CML)
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/CML.html

SICKLE CELL ANEMIA

NIH
Sickle Cell Anemia genetics and tests
http://www.genome.gov/page.cfim?pagelD=10001219

US Nat Library of Medicine and NIH
Lots of info here:
http://www.nlm.nih.gov/medlineplus/sicklecellanemia.html#cat46

Mayo Clinic Website
Sickle cell Anemia Symptoms
http://www.mayoclinic.com/health/sickle-cell-anemia/DS00324/DSECTION=symptoms

HIV

CDC website
http://www.cdc.gov/hiv/topics/basic/index.htm#hiv
Symptoms
http://www.cdc.gov/hiv/resources/ga/qa5.htm

NIH
Treatment, prevention, and research
http://www.aidsinfo.nih.gov/
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HIV anti-retroviral treatments
http://aidsinfo.nih.gov/contentfiles/AdultandAdolescentGL.pdf

AIDS Treatment guidelines (LONG and difficult pdf, has specific facts about treating the
manifestations of AIDS)

http://www.cdc.gov/mmwr/pdf/rr/rr5804.pdf

Hematopoietic stem cell information
Other uses of hematopoietic stem cells (examples of clinical trials)

http://www.osiristx.com/products prochymal.php

Evolution of hematopoietic stem cells (comparative study)
http://arjournals.annualreviews.org/doi/abs/10.1146/annurev.cellbio.22.010605.093317?url ver=239.

88-2003&rfr id=ori:rid:crossref.org&rfr dat=cr pub%3dncbi.nlm.nih.gov

Recent modification to stem cell lineage tree?? Discovery by Hiroshi Kawamoto (AP appropriate)

http://www.rikenresearch.riken.jp/frontline/717/




